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INTRODUCTION
Subbottom acoustic profiling was carried out on three lakes that occupy major linear topographic depressions transverse to the northeast-trending structure of the eastern Quebec Appalachian mountains. These lakes, along with a smaller, more equidimensional lake that was also surveyed, are located within 100 km of two major seismic zones in St. Lawrence Valley (Fig. I) . The principal objectives of the surveys were to determine the style and history of sedimentation in these basins.
Profiling was accomplished with a Raytheon, RTT-IOOOA-I "Portable Survey System " operating with dual 7kH z and 200 kHz transducers, deployed from an inflatable 5 m boat. Clear, high-resolution profiles were obtained by slow traversing ( < 5 km/h) coupled with chart speeds of2 .5 to 5 cm/minute . Vertical exaggeration on the resulting profiles averages about 20±5. Navigation was by "dead reckoning", from headland to headland. A total of 220 line km of profile were surveyed -103 km on Lac Temiscouata, 30 km on Grand Lac Squatec, and 87 km on Lac Matapedia.
RESULTS
Lac Matapedia
Lac Matapedia (Fig . I ) , located about 40 km southeast of the Lower St. Lawrence seismic zone (Adams and Basham, in press) , is typical of the many lakes that occupy linear depressions with axes that trend at right angles to the structure and topographic grain of the northeastern Appalachian Mountains . The lake is steep-sided with a gently undulating bottom underlain by several metres of acoustically nonlaminated sediment (Fig . 2) , interpreted elsewhere as postglacial organic sediment or gyttja (Klassen and Shilts, 1982) . At various places along the lake, the bottom is interrupted by symmetrical ridges , thought to be segments of the discontinuous esker that can be seen to enter the lake at its south end. On none of the 87 km of profiles surveyed on this lake was there any evidence of sediment disturbance . In this respect the lake is similar to almost all of the more than 150 lakes that we have profiled on the Canadian Shield and in the Appalachians over the past eight years .
Lac Etchemin
Lac Etchemin is a relatively shallow lake with sides notably less steep than those of Lac Matapedia. It lies about 100 km south of the Charlevoix seismic zone (Adams and Basham, in press; Fig . I) . Its bottom is mostly underlain by acoustically nonlaminated sediment similar to the upper sediment in Lac Matapedia . Like Lac Matapedia , the sediment shows no signs of disturbance at the surface, but in one part of the lake , a subbottom feature resembling a mud flow extends down the south side of the basin and a short distance up the north side (Fig. 3) . The sediment mass is completely buried by overlying, acoustically nonlaminated sediment and has no expression on the present lake bottom. If this is a mass wasting deposit, it probably was formed at the onset of postglacial sediment accumulation and cannot be related to any specific cause. This example is presented mainly to demonstrate how ancient slump features may be detected within the sediment column using the acoustic profiling system.
Lac Temiscouata
Lac Temiscouata is a long ( -30 km), low elevation lake lying along the Trans-Canada highway, midway between Riviere-du-Loup, Quebec and Edmunston, New Brunswick, about 70 km east of the Charlevoix seismic zone (Fig . I) . It is steep sided and flat bottomed and was deglaciated by southward retreating ice that flowed northward from an ice flow centre in New Brunswick. The central part of the lake bed is almost totally covered by hummocky deposits that appear to be made up of sediment slumped from the sides (Fig. 4, 5 , 6 ) . Like similar deposits in lakes observed to have been shaken by earthquakes, such as Lac Tee, Quebec (Shilts, 1984) and Comox Lake, British Columbia (Clague et a1., 1989) , these slumped sediments are either acoustically opaque or impede penetration of the acoustic signal into underlying sediment. In the northern third of the lake, acoustically parallel laminated sediments, interpreted to have been deposited in a proglacial lake expanding in front of the southward retreating ice front, are generally undeformed. In places the paralle l laminated sediments are cut by channels, and a considerable volume of sediment can be seen to have been removed (Fig. 7) . This is clearly demonstrated by profile 87-TC-32 ( Fig. 7) which was made during a north to south traverse along the axis of the northern part of the lake. The channels were cut by an agent, presumably a sediment flow, moving at right angles to the axis of the lake.
Grand Lac Squatec
Grand Lac Squatec is located about 15 km east of the south end of Lac Temiscouata (Fig. I) . It has bottom morphology and sediment characteristics similar to both Lac Matapedia and Lac Temiscouata, and its late glacial history is similar . to that of Lac Temiscouata. Many profiles surveyed on Grand Lac Squatec showed signs of sediment erosion and chaotic deposition (Figures 8, 9 ). This suggests that whatever caused the disturbance of the bottom of Lac Temiscouata, may have caused similar disturbance in Grand Lac Squatec.
DISCUSSION
One of the principal problems in using sediment disturbance in lakes as an indicator of past seismic activity is distinguishing earthquake-induced slumping from slumping associated with late glacial sedimentation processes, normal shoreline processes, or hydrological processes. In an earlier report, the first author incorrectly attributed massive slumping in Lac Megantic, Quebec, a basin bathymetrically and structurally similar to those discussed here, to seismic activity (Shilts, 1984) ; subsequent to publication of that report, an eyewitness described how an oversteepened sand spit had failed, with photographic evidence of the undisturbed spit, in September of 1946. This failure produced the distinctive slump features seen on the bottom of Lac Megantic .
Nevertheless , . the contrast between the undisturbed Holocene sediment in Lac Etchemin and Lac Matapedia on one hand and the disturbed sediment in Lac Temiscouata and Grand Lac Squatec on the other, suggests that the latter pair have been subjected to processes not recorded in the former. 11' ta.
W C Furthermore, except for a few examples of postglacial sediment disturbance related either to factors such as shoreline sedimentation, described above for Lac Megantic, or to unknown late glacial causes (Larocque, 1987) , features similar to those observed on the bottoms of Lac Temiscouata and Grand Lac Squatec have been observed only in lakes that have suffered visible disturbance during historical earthquakes (e.g., Shilts, 1984; Clague, et aI., 1989) .
Large earthquakes are presently far more common near Lac Temiscouata and Grand Lac Squatec (Fig. 1) because they are located near the Charlevoix seismic zone, which has been the site of at least five historical earthquakes of magnitude 6, or greater (1663 , 1791 , 1860 , 1970 , and 1925 Smith , 1962; Adams and Basham, i n press It= l±= event produced Modified Mercalli Intensities (MMI) of VI to VII at Lac Temiscouata, but only about V at Lac Matapedia (Smith, 1962) . Lac Temiscouata and Grand Lac Squatec are also relatively close to the Miramichi Highlands of central New Brunswick, the site of four strong earthquakes in 1982 that produced MMI IV at Lac Temiscouata. Sims (1973) suggested that earthquakes generating MMI ~ VI were required to produce even slight sediment deformation in Van Norman reservoir in California. Thus, it is unlikely that the strongest recorded earthquakes in the region (1663, 1925 at Charlevoix) would have caused sediment disturbance in Lac Matapedia. By contrast, the intensity of the 1925 shaking at Lac Temiscouata and Grand Lac Squatec (MMI > VI) might well have been sufficient to cause liquefaction and slumping.
The slumping and sediment disruption on the bottom of Lac Temiscouata is presently interpreted to have been caused by one or more large postglacial earthquakes. This conclusion is based largely on the extensive area of the lake floor involved in slumping (Fig. 6) , the exceptionally thick acoustically unlaminated sequences of sediment in the deepest basins, and the presence of buried, hummocky surfaces in acoustically nonlaminated sediments (Fig. 5) . It should be emphasized again that such sediment disruption is extremely rare in the lakes that we have profiled, being confined almost exclusively to lakes that were chosen for profiling because of their known disturbance by historical earthquakes.
Was the slumping in Lac Temiscouata caused by the 1925 or earlier Charlevoix earthquakes? At this point we know of no documentation of changes in the character of Lac Temiscouata after the 1925 earthquake. Suspended sediment was reported in Lac Tee, Quebec after the magnitude 6.2 earthquake of 1935 (Hodgson, 1936; Shilts, 1984) . It may be possible to detect resedimented clay layers in gyttja cores using methods developed by Doig (1987) to date the slump events in Lac Temiscouata. Multiple slump events were recently documented by Doig (1987) in Lac Tadoussac, adjacent to the Charlevoix seismic zone. A remaining possibility is that the disturbances might have been caused by an earthquake close to Lac Temiscouata, even though the current level of seismicity is very low (Fig. 1) .
Although Lac Matapedia is close to the seismically active Lower St. Lawrence seismic zone (Adams and Basham, in press ), this zone has not been known to have produced any earthquakes larger than magnitude 5 over the past 100 years. Although larger earthquakes probably do occur in the Lower St. Lawrence seismic zone, the present evidence from Lac Matapedia -especially the lack of slumping of gyttja from the esker sides -suggests that the lake basin may not have been shaken by a magnitude 7 or larger earthquake in the last 10 000 years. Such a conclusion, if verified, would place a strong constraint on the size of the largest earthquakes to be expected from the Lower St. Lawrence seismic zone, and hence improve future hazard estimates.
Finally, a set of seismic hazard calculations, equivalent to those developed for the National Building Code of Canada, were made for each of the lakes discussed in this paper 154 (Lac Temiscouata and Grand Lac Squatec were considered together). For an annual probability of 10 % in 50 years, the peak horizontal accelerations expected are 12 % g for Lac Matapedia, 16 %g for Lac Etchemin, and 21 %g for Lac Temiscouata. These estimates are in line with the relative amounts of disturbance observed in the lakes.
Because of the potential of this highly portable acoustic subbottom profiling system for providing high resolution records of sediment conditions in small to moderate sized lakes, we intend to continue to survey lakes of the Canadian Shield and Appalachians with an eye toward improving our understanding of the various processes causing slumping. The expansion of this activity into the Canadian Cordillera (Clague et aI., 1989 ) has and will increase our ability to discern among various causes of slumping, yielding, hopefully, a technique that we can apply confidently to improve our understanding of the geological record of prehistoric earthquakes and hence the estimation of seismic hazard.
